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Abstract: Malus sieversii (Ledeb.) M. Roem., a tertiary relict species, is the ancestor of modern cultivated apples. It is
also a second-class key protected wild plant in China, only distributed in Ili and Tacheng Prefecture of Xinjiang in China.
In the past decade, its distribution area, the number of populations and individuals has been decreasing. In order to
comprehensively understand the survival status of M. sieversii in the whole distribution range of China, its community species
composition, population structure and dynamic characteristics, a field investigation on the natural population of M. sieversii
distributed in different sites of Ili and Tacheng was conducted. The “space instead of time” theory was used to compile a
time-specific life table of M. sieversii, and its population survival curve and death curve were drawn. The survival analysis
theory was used to analyze the dynamic changes of the population. Time series models were used to predict population
trends. The results showed that; 1) M. sieversii mainly grew in four habitats ( steep slope, valley, flood plain and gentle
slope grassland) at an altitude of 870—1576 m. Among the four habitats, the flood plain had the highest species richness
and vegetation coverage, reaching 70%—80%. In this habitat, M. sieversii coexisted with other species such as Armeniaca
vulgaris, Crataegus pinnatifida, Lonicera tatarica and Spiraea salicifolia. while in other three habitats, M. sieversii mostly
exists in pure forest. 2) The Ili population has serious pests and diseases, with a mortality rate of 7%, and a dry and dead
branch rate of 85%—90%. The population of Tacheng is almost free of diseases and pests, with a mortality rate of only 2%
and the dry and dead branch rate of only 2%—5%. 3) The population of Ili showed a declining pattern with few young
individuals especially seedlings and a declinging trend dynamic multiple growth and development stages. Severe pests and
diseases, overgrazing, and harvesting of forage are the main factors causing population decline. The population of Tacheng
showed a growing pattern with sufficient young individuals especially seedlings. But there are huge difficulties in successfully
transition from seedlings to young trees and young trees to small trees. The population in different sites in Tacheng faces
different problems. 4) After the next 2nd, 3rd and 4th age classes, both Ili and Tacheng populations showed a trend of
decreasing of young individuals and increasing of elderly trees, and the population declining trend was obvious. Based on
the analyses of the current situation and existing problems of M. sieversii, combined with field investigations, the following
suggestions are proposed: 1) For the Ili population, biological control and other technologies should be applied first to
strictly control the continued spread and aggravation of diseases and pests; Secondly, the establishment of a national or
provincial-level Nature Reserve of M. sieversit and the division of priority and minimum protection units in the reserve should
be considered to alleviate the long-standing forest pastoral conflict. 2) For the Tacheng population, different protection and
management measures should be made based on different problems faced by different populations. For Emin population with
high seedling mortality rates, the number of tourists to scenic areas should be reduced or limited first. Secondly, core
protected areas and general protected areas should be divided within the scenic areas, and human activities are strictly
prohibited within the core protected areas; For Tuoli population, we should first accelerate the establishment of a high-
precision monitoring and early warning system for natural disasters, and secondly reduce grazing; For Yumin population,
artificial assistance measures should be taken to optimize the habitat, promote the germination of seedlings, smooth

transition at each stage, and stable growth of the population.

Key Words: Malus sieversii; 1li and Tacheng regions; age structure; population dynamics
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e R R S, BRI RN 2007 ARfERE B Y R SR B iR AL 820, LR RUR RN AL
LI R 2 A Al RS R N R B TR, AR BUIRSEDE W 5T XA TS SO XA 2 R
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K AR R EE R AR G5 M 0 53, e BB S S AN A AR I 254, AR B R S R A KA, S
B 245 (2007 ) 1 R IE 6 45 (2016) 17 S 37 58 37 2 SR AT 4 2 0 R0 o0 b v, 45 5 5 B8 () A 42 ( DBH ) %%
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Fig.1 The distribution range of Malus sieversii in China and the geographical location of the plot we set up
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IR Z 55 (Armeniaca vulgaris) 8 ( Crataegus pinnatifida) (B HHZE ( Padus avium ) SR LA R
2 EEAH W IL( Caragana arborescens) #i#a2.2¢ ( Lonicera tatarica) \ R 1NZ5265 ( Spiraea salicifolia) i
4% ( Rosa albertii) . 22 5 /N BE ( Berberis atrocarpa ) . YE W& /K ¥ 1 ( Cotoneaster soongoricus ) . K 111 B ( Acer
semenovii ) F124j 2% ( Rhamnus cathartica) S0 (R 1) o BESE WG MIGEHE &7 =R A 5 v, BBy R 2 D)
iR AP IR XIS (<1500 m) 8 TE 1t LA B S R Sy BRI 4 4 A i 2 4 [ /)N BE ( Berberis
nummularia) SES/NEE B IAE B MR35 AR A SE A A DA R X (> 1500 m) £ 5
INHHE( Betula microphylla) FIZ5 18 2 4% ( Picea schrenkiana ) fFHE (£ 1)

F1 FMERRNEEERBEEYAAR
Table 1 Plot information and species composition of Malus sieversii

R RHE E/C0) /() R R BREWRA

Population Plot Longitude  Latitude  Altitude/m  Habitat ~ Species composition

AL GLO1 82.7547  43.2236 1283 787 T B S SR Al K
GLO2 82.7334  43.1784 1357 T B S SR Al AR
GLO3 82.8021  43.1888 1455 BT R A A
GLO4 82.7330  43.1783 1485 e e TR TH o S L WA
GLO5 82.7306  43.1781 1515 BT ER R LA
GLO6 82.7294  43.1785 1576 R SR AR
GLO7 82.8536  43.2499 1313 HaESS BT R RAR N
GLO8 82.8616  43.2319 1446 BT R RN
GLO9 82.8629  43.2140 1542 BT BANEE U FE L2
GLIO 25009 433116 959 T BT WG L BTER A R A A R ERUINEE e R

WEME KM 7 B84 R L

R TR SIS L (Rosa platyacantha) FiSBHE 4 FRIUNE A R
INGELRA MRVT TR BT B TR R A

GLI12 82.7837  43.2403 1281  ZEMiwidy  BEEMPNER A BrEEAL

GLI11 82.8212  43.2564 1172

XYO1 82.8548  43.2586 1311 SHTE S SR AR
GL13 82.7677  43.2332 1404 SHTH T S SR AlbR
XY02 84.0280  43.2999 1452 SHT T S SR AlbR

HSmEF SRR R NEE R A KB 24 (Lonicera cinerea) Wk F

GL14 82.7618 43.2316 1465
(Malus prunifolia)
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Pl e &FE/(°) /() K b FEIE I Ah A K,
Population Plot Longitude  Latitude  Altitude/m  Habitat ~ Species composition
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XY04 82.8870  43.2724 1573 F[E ELSEE ST VN

7354 YMOI 82.6597  45.9406 1262 B3k HIREF R B A RO KB AL B
TLO1 83.5533  46.1555 870 PR F[E FLAE 2 YN
TLO2 83.5237  46.1531 956 T S SR Al Ak

e PTIBEFIESL [E N UL BE TRk Ay BRIk 3% 2, N JR M
— 825065 45.9270 964 TR ﬁ%@@f Bt NBE RILNEE L SE LAY | IR A A I TE R H
T

YMO03 82.6069  45.9341 1220 SHEREF IR SR BT A RINGE LA IRV A 2 R
EMO1 83.9936  46.3692 1235 SRYEEY BERETSEAL O Ak
EMO02 83.9995  46.3580 1275 SHTEREF AR E AL ARG L

GL. W8 Gongliu; XY R Xinyuan; YM: #E Yumin; TL; $CH Tuoli; EM: #i43 Emin

XoF i S5 R S SRR A A IR B T A A T AR ELRR I R TR A 26 BR(DLEE 25 Bk BTUR 1 BR) L BET
R T% ., DHEFNEE e U, AN 2 TR AR A TR R IR HE 3Rk 85%—90% ., HE Il
RERISET-MRECH 3 PROHERIEE) SBT3 h 2%, SEIRR R IR 3 RO i s ) B EBAERS A T A R
MR LRUH 2%—5%

3.2 FhERAEWSEEIE T

ARSI AR SR TS RAT R 539 Wk FRETIYEE) 0.057 P/m® DYALMLIX AL TR A 373 Bk Al A
9°0.057 B/m® s B X LA 171 Bk, FRORESSE D 0.061 Hk/m? , 55 R AR 2 B s s - LD R, (HL 2 22
FAK,

TR AL IR B A W4 S5 R AR SR 1Y, BT AN R R 2 25 I A o L, PR AR I 2 8 o Lt , 3K 28%,
W LA, R 5% o B N AR RIS LA, 230 21% (15% (16%F1 15% , W1 SR LE i
KT LR L], P 2 iR A (] 2)  SEIRAPEEL T b7 HU a8, o 32% , G /N o AR R A 1 L
B3R 9% 11% 22% 18%F1 8% , B | HIA LU B35 2 T2 i L o], AR K A (1 2)
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Fig.2 Age structure of Malus sieversii distributed in Ili and Tacheng regions
I BE<13m; I BE>13m, 0em<fif2 <5 cem; I: HE>1.3m, Sem<ifE<10cm; V. HE>1.3m, 10 em<ifE<15em; V. HE
>1.3 m, 15 em<fif2 < 20 em; VI: &/%>1.3 m, 20 em<f@fE <25 em; VI: SBE>1.3 m, 25 em<f§#2 <30 cm; VI ®i%>1.3 m, 30 em<fgf%
<35 cm; IX: BE>1.3 m, 35 em<if2 <40 em; X: HE>1.3 m, 40 em<§i2 <45 cm; XI: EE>1.3 m, 45 em<JW12 <50 em; XI: EEE>

1.3 m, 50 em<Jfi#£ <55 em; XII: &E>1.3 m, HifE>55 cm
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3.3 FhEREASAmER GG JETRIZ JH R R br

Xof 7 T S SR SR R A AR AT ST B R Y R g AR R S A i R AR 2, PR AR 2 L B AR AR
Ko AREA G AR IR E (1) TR/, A A 0 3 B8 i A S22 S B R A P BRI S A E 4 R /SRS By
Bt BRI 2L A BB (E A0 il S R R B A A A5 AR I S I A TR IR B 262, 7T B A e 3k Fh
BERAES B R AEIE AR . 20 S E IR Ja DY BL RIS SR e i A7 08 M Ze LI 3, P T 3 60 AP AL R 4%
WA FET AR ] AT TR Deevey-11 7 s S IRANRE 41 1 A SE T2 258 085 T HAB MR I, G /IS | rpowd A
KW RIET R IR MR (52 2 K 3) , FAIG HHZEAN T Deevey-11 BUHI Deevey- M 22 (8] E— 20 M5 YRS 56

B2 (3R 3) o R RLAUEIRFIE IS Deevey-I1 BUAG 55 & 0 AH 3¢ R 50, W HLFR I (4715 #2832 4 Deevey-
I 7

x2 FEMBEHHETERMBHSEGRIN
Table 2 Static life table of Malus sieversii populations in Ili and Tacheng Regions

- —
Tj’jﬁlm f“”&] o e d, ‘. L, T, E.OK s
AL I 17 53 1000.00 75.47 0.08 962.26 6613.21 6.61 0.08 0.92 6.91
1 19 49 924.53 75.47 0.08 886.79 5650.94 6.11 0.09 0.92 6.83
111 25 45 849.06 75.47 0.09 811.32 4764.15 5.61 0.09 0.91 6.74
v 34 41 773.58 75.47 0.10 735.85 3952.83 5.11 0.10 0.90 6.65
v 58 37 698.11 75.47 0.11 660.38 3216.98 4.61 0.11 0.89 6.55
VI 29 33 622.64 75.47 0.12 584.91 2556.60 4.11 0.13 0.88 6.43
VI 32 29 547.17 75.47 0.14 509.43 1971.70 3.60 0.15 0.86 6.30
Vi 27 25 471.70 75.47 0.16 433.96 1462.26 3.10 0.17 0.84 6.16
X 30 21 396.23 75.47 0.19 358.49 1028.30 2.60 0.21 0.81 5.98
X 15 17 320.75 75.47 0.24 283.02 669.81 2.09 0.27 0.76 5.77
XI 19 13 245.28 75.47 0.31 207.55 386.79 1.58 0.37 0.69 5.50
XI 10 9 169.81 75.47 0.44 132.08 179.25 1.06 0.59 0.56 5.13
X 58 5 94.34 94.34 1.00 47.17 47.17 0.50 4.55 - 4.55
7577 1 54 54 1000.00 629.63 0.63 685.19 2703.70 2.70 0.99 0.37 6.91
I 3 20 370.37 37.04 0.10 351.85 2018.52 5.45 0.11 0.90 5.91
1l 5 18 333.33 37.04 0.11 314.81 1666.67 5.00 0.12 0.89 5.81
v 7 16 296.30 37.04 0.13 277.78 1351.85 4.56 0.13 0.88 5.69
A% 19 14 259.26 37.04 0.14 240.74 1074.07 4.14 0.15 0.86 5.56
VI 20 12 222.22 37.04 0.17 203.70 833.33 3.75 0.18 0.83 5.40
VI 19 10 185.19 37.04 0.20 166.67 629.63 3.40 0.22 0.80 5.22
VI 17 8 148.15 18.52 0.13 138.89 462.96 3.13 0.13 0.88 5.00
X 13 7 129.63 37.04 0.29 111.11 324.07 2.50 0.34 0.71 4.86
X 5 5 92.59 0.00 0.00 92.59 212.96 2.30 0.00 1.00 4.53
XI 5 5 92.59 55.56 0.60 64.81 120.37 1.30 0.92 0.40 4.53
X1 2 2 37.04 0.00 0.00 37.04 55.56 1.50 0.00 1.00 3.61
X 2 2 37.04 37.04 1.00 18.52 18.52 0.50 3.61 - 3.61

a,: x WHNIA AR Individual number of age class x5 a,”: X a, BHEHATE W AU A MASL The revised data of a, ; [, : ERIFIRIT
FRUEALAFTG A AZL The standardized number of surviving individuals of age class x; d, : M x B x+1 W& 28] ] PO bR AL BT MAEL The standardized
number of mortality from age class x to age class x+1; ¢, : M x Bl x+l FZLAIFR ] AYSE T2 Mortality rate from age class x to age class x+1;5 L, : M x
B o+ I 18] B 0T 118 773 B9 A %L The number of surviving individuals from age class x to age class x+1; T, : M x G FNHEIT « WA S %L
Total individuals of age class elder than x (including age class x) ; £, : A x WA RN H AN Life expectancy; K, : 3% Vanish rate; S, :
TN 2R Survival rate;ln [ ; SRUEACAFIEAZAY H SKXT4X The natural logarithm of Ly

DHELRIE AR O SE T3 G I R R R LI 4, pyT&T 4 R0 T)— A s 7 i B S SRR S T 3 R 2k ¢
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AR AR TEAR — B0, AR oA U S S R A RS T
RATHIRA AR, AR A SE TR A R R
WIS 2 A Iz i Tt i, SE R T 2 g (B 4h
B RLI ) SET AN I AR T, IM— VI i Z/ Mg
LR R I BUR R BT E RS BAR  HEAGE XI i
G (CEMILR BT BE) SET- RN R AR BB e
3.4 BRI A R Sh A S

T MRS A AL M7 X T SR S R A A
WA SIR B T R AR 4, 3K 4 0 JHAL Rl

PR ETE S S Ind,
The logarithm of standard living number
N
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Table 3 Test models of survival curve of Malus sieversii populations

T B E AR r p
Populations Curve function Coefficient of determination (R?)
CaE y=7.477¢ 0030 0.869 72.698 0.000
y=7.5965"01% 0.632 18.927 0.001
B y=6.967¢040% 0.915 119.056 0.000
y=7.3524"0217 0.784 39.894 0.000
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Fig.4 Mortality and vanish rate of Malus sieversii populations
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Table 4 Dynamic indices of Malus sieversii population age structure

g AR R FBEEHZSH5%X Population dynamic indices
Age class Dynamic index class GL XY 1li TL EM YM R
I—1 Vi -0.105 -0.105 0.962 0.500 0.944
n—1Ir V, -0.240 -0.240 0.500 -0.750 -0.400
mn—v Vs -0.265 -0.265 -1.000 0.000 0.750 -0.286
N—V Vy -0.414 -0.414 -0.444 -0.857 -0.667 -0.632
V—V Vs 0.517 -1.000 0.500 0.333 0.143 -0.625 -0.050
VIV Vs -0.097 0.000 -0.094 0.167 -0.455 0.625 0.050
VI—VII v, 0.258 -0.750 0.156 -0.375 0.455 0.000 0.105
WI—IX Vg 0.130 -0.600 -0.100 0.250 0.667 -0.400 0.235
X—X Vy 0.600 0.300 0.500 0.833 -0.500 1.000 0.615
X—XI Vio -0.273 -0.125 -0.211 1.000 -0.200 0.000
XI—XI Vi 0.364 0.625 0.474 0.600 0.600
XI—XI11 Vi -0.696 -0.914 -0.828 0.500 -1.000 0.000
Vi 0.066 0.018 0.038 0.198 0.596 0.307 0.357
V', 0.001 - 0.000 - 0.046 - 0.014
P 0.011 - 0.008 - 0.077 - 0.038

V,: FHEM n B n+1 BECE S B R L5 % Number dynamic index of the population from age class n to age class n+1; VI”- . ZWEHNRTPLET, Fh
FER S Bh S8 /B F8 %X Number dynamic index of the population when the external disturbance is ignored; V', : BRSNS THRE, P g R B AE
I8 5L Number dynamic index of the population when the external disturbance is considered; Py . : I&fﬂ‘}l?fjﬂﬂl@+&ﬁﬁ Maximum value at risk with

random interference
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Fig.5 Four survival analysis functions of Malus sieversi populations
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Table 5 Estimated values of survival analysis functions

Population Age class Survival rate S, umulative mortality Mortah‘ty density Hazard rate
rate F ;) S Xy

Al I 0.925 0.075 0.185 0.016
Il 0.849 0.151 0.015 0.033
m 0.774 0.226 0.015 0.051
I\ 0.698 0.302 0.015 0.071
\Y 0.623 0.377 0.015 0.093
VI 0.547 0.453 0.015 0.117
VI 0.472 0.528 0.015 0.144
I 0.396 0.604 0.015 0.173
X 0.321 0.679 0.015 0.206
X 0.245 0.755 0.015 0.242
XI 0.170 0.830 0.015 0.284
XII 0.094 0.906 0.015 0.331
XIII 0.000 1.000 0.019 0.400

ek I 0.370 0.630 0.074 0.184
I 0.333 0.667 0.007 0.200
| 0.296 0.704 0.007 0.217
I\ 0.259 0.741 0.007 0.235
V 0.222 0.778 0.007 0.255
VI 0.185 0.815 0.007 0.275
VI 0.148 0.852 0.007 0.297
I 0.130 0.870 0.004 0.308
X 0.093 0.907 0.007 0.332
X 0.093 0.907 0.000 0.332
XI 0.037 0.963 0.011 0.371
XII 0.037 0.963 0.000 0.371
XIII 0.000 1.000 0.007 0.400
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Table 6 Time sequence analysis of age structure of Malus sieversii population

W AL X Bt X
Age class Eﬂﬁﬁﬁ M, M, M, Etﬁ%ﬁ(}ﬂ% M, M, M,
Primary data ; Primary data ;

I 17 54

I 19 18 3 29

I 25 22 20 5 4 21

v 34 30 26 24 7 6 5 17

Vv 58 46 39 34 19 13 10 9

Vi 29 44 40 37 20 20 15 13

VI 32 31 40 38 19 20 19 16

VI 27 30 29 37 17 18 19 19

X 30 29 30 30 13 15 16 17
15 23 24 26 5 9 12 14

XI 19 17 21 23 5 5 8 10

X11 10 15 15 19 2 4 4 6

X111 58 34 29 26 2 2 3 4

M,V 25t 2 3 4 ANMRGTELR ¢ #EGIFREE KN Population size of age class t after 2, 3, and 4 age classes; (1) B8k i I — kB 3

F-171:4R 1 The symbol of the single moving average method in the moving average method
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